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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a high density multilayer ceramic 
board which has stable characteristics and incorporates passive components 
such as a high precision capacitor and inductor. 

SOLUTION: Raw molding blocks lOg and 1 1g to be passive components are 
prepared. A raw composite laminate 1g is prepared, wherein a plurality of 
laminated ceramic green sheets 2g-8g and wiring conductors 13-18 are provided, 
spaces 29 and 34 are previously provided inside and the molding blocks lOg and 



11 g are fitted in tlie spaces 29 and 34. On tlie respective nnajor planes positioned 
at the both edges in the laminating direction of the composite laminate 1g, a 
ceramic which is not sintered at the baking temperature of the composite 
laminate 1g, and raw sheet-shaped supporting bodies 48 and 49 which contain a 
metal that can be oxidized in the baking process, are arranged. After the 
composite laminate 1g is baked at a temperature of, for example, 1000°C or 
below, while suppressing contraction by sandwiching the composite laminate 1g 
with the sheet-shaped supporting bodies 48 and 49, the unsintered sheet-shaped 
supporting bodies 48 and 49 are removed. 
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CLAIMS 

[Clalm(s)] 

[Claim 1] two or more ceramic layers and wiring which consist of a ceramic 
insulating material and by which the laminating was carried out - with the layered 
product which has a conductor said wiring - it has the passive component built in 
said layered product in the condition of having wired with the conductor - Are the 
approach of manufacturing a multilayered ceramic substrate and the Plastic solid 
block containing the raw ceramic functional material which should serve as said 
passive component is prepared. It has a conductor, two or more ceramic green 
sheets containing a different ceramic insulating material from said ceramic 
functional material by which the laminating was carried out, and said wiring - 
Space was beforehand established in the interior and said Plastic solid block was 
inserted in the space concerned. On each principal plane which prepares a raw 
compound layered product and is located in the ends in the direction of a 
laminating of said raw compound layered product The raw sheet-like base 
material containing the metal which can oxidize in the ceramic and baking 
process which are not sintered in the burning temperature of said raw compound 
layered product is arranged. The manufacture approach of a multilayered 
ceramic substrate equipped with each process of calcinating said raw compound 
layered product in the ambient atmosphere containing oxygen, and subsequently 
removing said non-sintered sheet-like base material in the condition of having 
inserted with said sheet-like base material. 



[Claim 2] Said compound layered product is the manufacture approach of a 
multilayered ceramic substrate according to claim 1 calcinated at the temperature 
of 1000 degrees C or less. 

[Claim 3] Said sheet-like base material is the manufacture approach containing 
an alumina or a zirconia of a multilayered ceramic substrate according to claim 2 
as said ceramic. 

[Claim 4] Said sheet-like base material is the manufacture approach containing at 
least one sort chosen from the group which consists of Sc, Ti, V, Cr, Mn, Fe, Co, 
nickel, Cu, Zn, Si, aluminum. Mo, and W as said metal of a multilayered ceramic 
substrate according to claim 2 or 3. 

[Claim 5] The weight ratio of said metal / aforementioned ceramic contained in 
said sheet-like base material is the manufacture approach of a multilayered 
ceramic substrate according to claim 4 chosen within the limits of 0.1/99.9 thru/or 
10.0/90.0. 

[Claim 6] Said metal contained in said sheet-like base material is the 
manufacture approach of a multilayered ceramic substrate according to claim 4 
or 5 in a powdered condition. 

[Claim 7] Said metal with which it is contained in said sheet-like base material 
including the organic vehicle with which, as for said sheet-like base material, 
resin is included further is the manufacture approach of a multilayered ceramic 
substrate according to claim 4 or 5 in the condition of the organic metal contained 
as a side chain in said resin. 

[Claim 8] It is 10kg/cm2 by carrying tabular weight on said sheet-like base 
material located up in the baking process of said raw compound layered product. 
The manufacture approach of a multilayered ceramic substrate according to 
claim 1 to 7 of giving the following loads. 

[Claim 9] The manufacture approach of a multilayered ceramic substrate 
according to claim 1 to 8 that the thing used as a capacitor or an inductor is 
prepared as said Plastic solid block when sintered. 

[Claim 10] Said Plastic solid block is the manufacture approach of a multilayered 



ceramic substrate according to claim 1 to 9 of liaving the laminated structure 

which forms a multilayer inner conductor. 

[Claim 11] Said ceramic functional material contained in said Plastic solid block is 
the manufacture approach containing the mixture of glass ceramics or glass, and 
a ceramic of a multilayered ceramic substrate according to claim 2 to 10. 
[Claim 12] For the weight ratio of glass/ceramic, said ceramic insulating material 
contained in the ceramic green sheet with which said compound layered product 
is equipped is the manufacture approach of a multilayered ceramic substrate 
according to claim 2 to 1 1 chosen within the limits of 100/0 thru/or 5/95 including 
the mixture of glass or glass, and a ceramic. 

[Claim 13] said wiring - the manufacture approach of a multilayered ceramic 
substrate according to claim 2 to 12 which uses as a principal component at least 
one sort as which the conductor or said inner conductor was chosen from Ag, the 
Ag-Pt alloy, the Ag-Pd alloy, and the group which it becomes from Au. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 



[Field of the Invention] This invention relates to the nnanufacture approach of the 
multilayered ceramic substrate which built in passive components, such as a 
capacitor and an inductor, especially about the manufacture approach of a 
multilayered ceramic substrate. 
[0002] 

[Description of the Prior Art] It is effective to wire high density in the multilayered 
circuit board represented by the multilayered ceramic substrate, building [ in / 
more / multi-functionalization, densification, and in order to high-performance-ize 
/ such a multilayered circuit board ] in the passive component of high degree of 
accuracy. Thus, the multilayered circuit board which built in the passive 
component is conventionally manufactured by the following various approaches. 
[0003] After the 1st is based on the so-called thick-film method and prints a 
dielectric paste etc. with a thick-film formation technique to the green sheet for 
substrates, it is the approach of building a capacitor etc. in the interior of a 
multilayered ceramic substrate selectively by carrying out the laminating of each 
green sheet, sticking it by pressure, and subsequently calcinating it. However, 
there are the following problems in the manufacture approach of this multilayered 
circuit board. 

** Since the location gap of dispersion in the thickness of a paste and printing is 
comparatively large, dispersion in properties, such as capacity of a capacitor, is 
also comparatively large. 

** At sticking by pressure or a baking process, since deformation of a paste takes 

place, this also causes dispersion in properties, such as capacity. 

** Since it is difficult for the smoothness of the printing section to get worse and 

to increase the number of laminatings as printing and a laminating are repeated, 

if it is in a capacitor, it is difficult to enlarge capacity. 

[0004] The 2nd is an approach which is going to manufacture a multilayered 

circuit board with resistance and capacity, is similar to the 1st above-mentioned 

approach, and prints a capacitor, resistance, etc. to a multilayer with a thick-film 

formation technique on the surface of a ceramic substrate. However, constraint 



of the capacity by dispersion in the property by dispersion in a location gap of a 
** printing pattern or thickness and the increment in the number of ** laminatings 
having a limit, aggravation of ** smoothness, etc. have the almost same problem 
as the 1st approach mentioned above also in this approach. 
[0005] Calcinating it, after putting the dielectric sheet which is the approach of 
making a dielectric building in the interior of a multilayer substrate in the state of 
a sheet, and has the same area as a substrate in this case between the sheets 
for substrates, carrying out a laminating and sticking it by pressure is performed 
so that the 3rd may be indicated by JP,59-17232,A. Thereby, the following 
problems are encountered although dispersion in properties, such as capacity, 
and the problem of the constraint to large-capacity-izing improve. 
** Since a dielectric is arranged in the shape of a layer inside a substrate, the 
degree of freedom of a design is low. 

** It is easy to generate problems, such as a cross talk of a signal. 
[0006] To in addition, vertical both sides of the layered product for substrates 
which consist of two or more green sheets for substrates in which low- 
temperature baking is possible as an approach of enabling high density wiring of 
a multilayered circuit board After sticking by pressure the dummy green sheet 
which is not contracted in the burning temperature of this layered product for 
substrates, The approach (for example, refer to JP,4-243978,A) of carrying out 
exfoliation clearance, after calcinating these at low temperature comparatively 
and calcinating the non-sintered layer originating in the latter dummy green sheet, 
There is a method (for example, refer to Patent Publication Heisei No. 503498 
[ five to ] official report) of performing further pressurizing from [ of the layered 
product for substrates ] the upper and lower sides in this approach at the time of 
baking. 

[0007] By these approaches, since it is hard to produce contraction in the 
direction of a substrate side of X-Y, i.e., the direction, dimensional accuracy of 
the obtained substrate can be made high. Therefore, even if it wires high density, 
there is an advantage which the problem of disconnecting cannot produce easily. 



However, these approaches do not make a passive component build in in a 
substrate. The approach which combined the approach of building in a capacitor 
selectively with the interior of a multilayered circuit board in the form of the 
approach of not producing contraction of the direction of X-Y of an above- 
mentioned substrate, a sheet, or a thick film is indicated by JP,9-92983,A as the 
4th approach for manufacturing again the multilayered circuit board which built in 
the passive component. This approach is suitable for manufacturing the 
multilayered circuit board of high density wiring having a passive component. 
[0008] In this 4th approach, since a substrate and the dielectric layer of this area 
will be prepared when forming the dielectric section with a sheet, a dielectric 
layer will be in the condition of exposing to a substrate end face. For this reason, 
although a dielectric layer needs a precise thing so that moisture may not 
permeate, it is pressurizing from [ of a substrate ] the upper and lower sides at 
the time of baking, and the dielectric layer makes it possible to carry out 
eburnation enough. However, since a ** dielectric is arranged in the shape of a 
layer inside a substrate from the configuration of a dielectric layer being 
restrained like the 3rd approach using a dielectric sheet which was mentioned 
above, the problem of ** is encountered that it is easy to generate problems, 
such as a cross talk of a ** signal with the low degree of freedom of a design. 
[0009] On the other hand, in this 4th approach, when forming the dielectric 
section with a thick film, the crevice is established in the sheet for substrates and 
the process of being filled up with a dielectric paste there may be adopted so that 
it may correspond to the field which forms the dielectric section. In this case, 
about dispersion in the thickness of a paste, although improved, although the 
problem of dispersion in the property which may be produced according to a 
location gap of a thick film, deformation of the dielectric paste at the time of sheet 
sticking by pressure for substrates, etc. among the problems which encountered 
in the thick-film method which is the 1st approach mentioned above becomes 
small, it still remains and, in addition, is inadequate. Moreover, since it is difficult 
to make the dielectric section into a laminated structure, the problem of being 



hard to acquire large capacity also remains. 

[0010] Moreover, since contraction can be made quite small in the direction of a 
substrate of X-Y, i.e., the direction, although there is an advantage that 
dispersion in contraction also becomes small in connection with this, and can 
make dimensional accuracy of a substrate comparatively high, the 4th approach 
is not enough [ dispersion in contraction ] as dimensional accuracy, when it exists 
to the last and close dimensional accuracy is required more. Contraction can be 
lowered, and if a green sheet is made to sinter, contraction is just over or below 
20%, and even if it manages dispersion in that contraction well, more specifically, 
it can usually lower that dispersion to about 0.05% with standard deviation 0.1% 
by this approach to being about 0.5% in standard deviation. However, when 
giving high density wiring which requires the dimensional accuracy of a more 
than equivalent to this contraction dispersion, this contraction dispersion is not 
sufficiently small. 

[0011] Contraction dispersion produced by the 4th above-mentioned approach 
mainly originates in dispersion in the dispersibility of the pore generated in the 
dummy green sheet which is not contracted at the sintering temperature of the 
green sheet for substrates. More, in the process in which raise temperature from 
a room temperature to a detail in a baking process, and go, and the organic 
component in a green sheet decomposes and evaporates, and ****s and goes, 
and the so-called cleaning process, a cavity, i.e., pore, is generated in the part of 
the green sheet for substrates, and a dummy green sheet which had an inner 
organic component respectively, and both the green sheet for substrates and the 
dummy green sheet have porous structure. If it raises and goes and the green 
sheet for substrates furthermore begins to sinter temperature, a dummy green 
sheet will receive the force contracted in the direction of a substrate side from the 
green sheet for substrates, although it does not contract at substrate sintering 
temperature in itself. Since the space given by pore is in a dummy green sheet at 
this time, the particle in a dummy green sheet moves in the above-mentioned 
contraction direction slightly, and a dummy green sheet is slightly contracted with 



the green sheet for substrates as a result. 

[0012] Where a dummy green sheet is separated from the green sheet for 
substrates, when a dummy green sheet is calcinated temporarily, since a dummy 
green sheet does not receive the force to the direction to contract, the particle in 
a dummy green sheet does not move, therefore the contraction is also 0% 
substantially. Thus, since there is space, i.e., the room which can move, which 
the pore produced in a cleaning process gives, the phenomenon caused by 
receiving the force which the particle in a dummy green sheet contracts from the 
green sheet for substrates is brought about. However, since the distributed 
condition of the pore within a dummy green sheet varies slightly, dispersion, 
therefore the amount of contraction of a dummy green sheet will vary, the 
movement magnitude of a particle will also respond, and the amount of 
contraction of the green sheet for substrates will also vary. 
[0013] 

[Problem(s) to be Solved by the Invention] Then, it is solving the various 
problems mentioned above, and the object of this invention is offering the 
manufacture approach of the multilayered ceramic substrate in which multi- 
functionalization, densification's, and high-degree-of-accuracy-izing are possible 
while it builds in a passive component. 
[0014] 

[Means for Solving the Problem] two or more ceramic layers and wiring with 
which this invention consists of a ceramic insulating material and by which the 
laminating was carried out - with the layered product which has a conductor 
wiring, in order to be turned to the method equipped with the passive component 
built in the layered product in the condition of having wired with the conductor of 
manufacturing a multilayered ceramic substrate and to solve the technical 
technical problem mentioned above The process which prepares the Plastic solid 
block containing the raw ceramic functional material which should serve as a 
passive component. It has a conductor, two or more ceramic green sheets and 
wiring containing a different ceramic insulating material from the ceramic 



functional material contained in a Plastic solid block by which the lanninating was 
carried out - The process which prepares the raw compound layered product by 
which space was beforehand established in the interior and the Plastic solid 
block was inserted in the space concerned, The process which arranges the raw 
sheet-like base material containing the metal which can oxidize in the ceramic 
and baking process which are not sintered in the burning temperature of a raw 
compound layered product on each principal plane located in the ends in the 
direction of a laminating of this prepared raw compound layered product, It is 
characterized by having the process which calcinates a compound layered 
product raw in the condition of having inserted with the these sheet-like base 
material, in the ambient atmosphere containing oxygen, and the process which 
subsequently removes a non-sintered sheet-like base material. 
[0015] In the baking process included in the manufacture approach mentioned 
above, a compound layered product is preferably calcinated at the temperature 
of 1000 degrees C or less. As mentioned above, what is necessary is just to 
constitute a sheet-like base material as a ceramic including an alumina or a 
zirconia, when a compound layered product is calcinated at the temperature of 
1 000 degrees C or less. 

[0016] Similarly, when a compound layered product is calcinated at the 
temperature of 1000 degrees C or less As a metal a sheet-like base material Sc, 
Ti, V, Cr, Mn, Fe, It is desirable that at least one sort chosen from the group 
which consists of Co, nickel, Cu, Zn, Si, aluminum, Mo, and W is included, and 
the weight ratio of the metal/ceramic contained in a sheet-like base material is 
more preferably chosen within the limits of 0.1/99.9 thru/or 10.0/90.0. 
[0017] As mentioned above, the metal contained in a sheet-like base material 
may be in the condition of the organic metal contained as a side chain in the 
resin contained in this organic vehicle, when a sheet-like base material contains 
an organic vehicle even if it is in a powdered condition or. Moreover, it is 
10kg/cm2 by carrying tabular weight on the sheet-like base material located up in 
the baking process of a raw compound layered product. It is desirable to give the 



following loads. 

[0018] The passive component advantageously applied in this invention is a 
capacitor or an inductor. Therefore, as a Plastic solid block, when a passive 
component is a capacitor or an inductor, when sintered, the thing used as a 
capacitor or an inductor is prepared. In addition, the passive component built in in 
the multilayered ceramic substrate obtained by the manufacture approach 
concerning this invention may not be limited to simple substances, such as a 
capacitor and an inductor, and may be the complex of these simple substances, 
for example, a capacitor, LC composite part which combined the inductor. 
[0019] Moreover, what has the laminated structure which forms a multilayer inner 
conductor as a Plastic solid block is applied advantageously. Moreover, as for 
the ceramic functional material contained in a Plastic solid block, it is desirable 
that the mixture of glass ceramics or glass, and a ceramic is included. Moreover, 
as for the ceramic insulating material contained in the ceramic green sheet with 
which a compound layered product is equipped, it is desirable that the weight 
ratio of glass/ceramic is chosen within the limits of 100/0 thru/or 5/95 including 
the mixture of glass or glass, and a ceramic. 

[0020] moreover, wiring - as for a conductor or an inner conductor, it is desirable 
to use as a principal component at least one sort chosen from Ag, the Ag-Pt alloy, 
the Ag-Pd alloy, and the group that consists of Au. 
[0021] 

[Embodiment of the Invention] Drawing 1 is the sectional view showing the 
multilayered ceramic substrate 1 by 1 operation gestalt of this invention in 
illustration. Drawing 2 is a representative circuit schematic which the multilayered 
ceramic substrate 1 shown in drawing 1 gives. As shown in drawing 1 , the 
multilayered ceramic substrate 1 is equipped with the layered product 9 which 
has two or more ceramic layers 2, 3, 4, 5, 6, 7, and 8 which consist of a ceramic 
insulating material, and by which the laminating was carried out. The capacitor 
10 as a passive component, an inductor 11, and resistance 12 are built in the 
interior of a layered product 9. moreover, wiring for a layered product 9 to wire 



these capacitors 10, an inductor 11, and resistance 12 - conductors 13, 14, 15, 
16, 17, and 18 ~ the interior ~ having ~ moreover, an outside-surface top ~ an 
external terminal ~ it has Conductors 19a and 19b. Thus, a multilayered ceramic 
substrate 1 constitutes a circuit as shown in drawing 2 . 
[0022] The multilayered ceramic substrate 1 of such a configuration is 
manufactured as follows. Drawing 3 is a sectional view for explaining the 
manufacture approach of the multilayered ceramic substrate 1 shown in drawing 
1 . Drawing 4 is a sectional view for explaining the approach for obtaining some 
elements shown in drawing 3 . Plastic solid block 1 1g for inductors containing the 
raw ceramic functional material which should serve as Plastic solid block lOg for 
capacitors and the inductor 1 1 containing the raw ceramic functional material 
which should serve as the capacitor 10 mentioned above is prepared, 
respectively. 

[0023] Plastic solid block lOg for capacitors, it has the laminated structure in 
which the multilayer inner conductor 21 was formed through the raw dielectric 
sheet 20 which contains such a ceramic dielectric including a ceramic dielectric 
as a ceramic functional material. The terminal electrodes 22 and 23 are formed in 
the Plastic solid block lOg end face which counters, respectively. What is 
connected to one terminal electrode 22, and the thing connected to the other-end 
child electrode 23 are arranged by turns like the internal electrode in a well- 
known stacked type ceramic condenser by the inner conductor 21 . 
[0024] Plastic solid block 1 1g for inductors, it has the laminated structure in which 
the multilayer inner conductor 25 was formed through the raw magnetic- 
substance sheet 24 which contains such the ceramic magnetic substance 
including the ceramic magnetic substance as a ceramic functional material. The 
terminal electrodes 26 and 27 are formed in the Plastic solid block 1 1g end face 
which counters, respectively, the penetration whose each of the multilayer inner 
conductor 25 penetrates each magnetic-substance sheet 24 ~ the electric 
conduction path prolonged in a coiled form as a whole is constituted, a conductor 
28 connecting. 



[0025] Preferably, these Plastic solid blocks 10g and 11 g are constituted so that 
it can calcinate at the temperature of 1000 degrees C or less. Therefore, as the 
ceramic functional material contained in the dielectric sheet 20 and the magnetic- 
substance sheet 24, respectively, i.e., a ceramic dielectric, and the ceramic 
magnetic substance, the mixture of glass ceramics or glass, and a ceramic is 
used advantageously first, for example. What more specifically fabricated the 
ceramic slurry mixed and obtained [ vehicle / little ****** powder and / organic ] by 
barium titanate in the glass of a hoe silicic acid system as a dielectric sheet 20 in 
the shape of a sheet with the doctor blade method can be used. On the other 
hand, what fabricated the ceramic slurry mixed and obtained [ vehicle / little ****** 
powder and / organic ] by the nickel zinc ferrite in the glass of a hoe silicic acid 
system as a magnetic-substance sheet 24 in the shape of a sheet with the doctor 
blade method can be used. 

[0026] moreover, an inner conductor 21 , the terminal electrodes 22 and 23, an 
inner conductor 25, the terminal electrodes 26 and 27, and penetration the 
conductive paste which uses as a principal component at least one sort chosen 
from Ag, the Ag-Pt alloy, the Ag-Pd alloy, and the group that consists of Au as a 
conductor for forming a conductor 28, for example is used advantageously. Inner 
conductors 21 and 25 can be formed by having a predetermined pattern in each 
up one of the dielectric sheet 20 and the magnetic-substance sheet 24, and 
giving an above-mentioned conductive paste to it by screen-stencil, respectively. 
[0027] It is desirable that a sticking-by-pressure process is given after carrying 
out the laminating of the magnetic-substance sheet 24 of a predetermined 
number with which the dielectric sheet 20 and inner conductor 25 of a 
predetermined number with which the inner conductor 21 was formed were 
formed, respectively as mentioned above in order to acquire the Plastic solid 
blocks lOg and 11 g, and it is 200kg/cm2 with the hydraulic press at this sticking- 
by-pressure process, for example. A pressure is given. 
[0028] On the other hand, the ceramic green sheets 2g, 3g, 4g, 5g, 6g, 7g, and 
8g containing the ceramic insulating material of the ceramic layers 2-8 mentioned 



above which should become respectively are prepared. The ceramic insulating 

material contained in these ceramic green sheets 2g-8g differs from the ceramic 
functional material contained in the Plastic solid blocks 10g or 1 1g mentioned 
above. 

[0029] the resistance 12 and wiring which were mentioned above in order to 
prepare Plastic solid block 10g for capacitors, and Plastic solid block 11 g for 
inductors mentioned above in these ceramic green sheets 2g-8g, respectively - 
conductors 13-18 and an external terminal - processing or treatment for forming 
Conductors 19a and 19b is taken beforehand. A series of breakthroughs 35, 36, 
37, and 38 which should serve as the space 34 for making Plastic solid block 1 1g 
a series of breakthroughs 30, 31, 32, and 33 which should serve as the space 29 
for making Plastic solid block lOg for capacitors build in a detail, and for 
inductors build in more are beforehand formed in the ceramic green sheets 4g, 
5g, 6g, and 7g, respectively. 

[0030] moreover, wiring -- a series of breakthroughs 39, 40, 41 , 42, 43, and 44 
for forming a conductor 13 are beforehand formed in the ceramic green sheets 
2g, 3g, 4g, 5g, 6g, and 7g, respectively, moreover, wiring - the breakthrough 45 
for forming a conductor 15 is beforehand formed in ceramic green sheet 3g. 
moreover, wiring - a series of breakthroughs 46 and 47 for forming a conductor 
18 are beforehand formed in the ceramic green sheets 2g and 3g, respectively, 
and ~ the inside of these breakthroughs 39-47 ~ wiring ~ the conductive paste 
which should serve as conductors 13, 15, and 18 is given. 
[0031] moreover ~ ceramic green sheet 2g ~ an external terminal ~ each 
conductive paste which should serve as Conductors 19a and 19b is given by 
screen-stencil etc. so that it may connect with each conductive paste in a 
breakthrough 39 and 46, respectively, moreover ~ ceramic green sheet 3g ~ 
wiring ~ each conductive paste which should serve as conductors 16 and 17 is 
given by screen-stencil etc. so that it may connect with each conductive paste in 
a breakthrough 45 and 47, respectively, moreover, the thick film resistor which 
should serve as resistance 12 ~ wiring ~ it is given so that between each 



conductive paste which should serve as conductors 16 and 17 nnay be connected. 

As resistive paste for forming a thick film resistor, what mixed little ****** powder 
and an organic vehicle is advantageously used for ruthenium oxide in hoe silicic 
acid system glass, for example. 

[0032] moreover - ceramic green sheet 8g - wiring - when the laminating of the 
ceramic green sheets 2g-8g is carried out, the conductive paste which should 
serve as a conductor 14 is given by screen-stencil etc. so that it may connect 
with the conductive paste in a breakthrough 44 and may expose toward the 
inside of space 29 and 34, namely, so that it may connect with the Plastic solid 
blocks [ lOg and 1 1g ] terminal electrodes 23 and 27. 

[0033] wiring mentioned above - conductors 13-18 and an external terminal ~ 
what uses as a principal component at least one sort chosen from Ag, the Ag-Pt 
alloy, the Ag-Pd alloy, and the group that consists of Au as a conductive paste 
which gives Conductors 19a and 19b is used advantageously. As a ceramic 
insulating material contained in such ceramic green sheets 2g-8g, preferably, 
what can be calcinated at the temperature of 1000 degrees C or less is used, for 
example, the mixture of glass or glass, and a ceramic is used. In this case, the 
weight ratio of glass/ceramic is chosen within the limits of 100/0 thru/or 5/95. 
When the weight ratio of glass/ceramic is smaller than 5/95, it is because the 
temperature which can be calcinated becomes higher than 1000 degrees C. 
wiring mentioned above when the temperature which can be calcinated became 
high -- since the selection width efface of the ingredient of a conductor 13-18 
grades becomes narrow, it is not desirable. 

[0034] What more specifically fabricated the ceramic slurry which mixed the glass 
powder, the alumina powder, and the organic vehicle of a hoe silicic acid system, 
and was obtained as ceramic green sheets 2g-8g in the shape of a sheet with the 

doctor blade method can be used, such ceramic green sheets 2g-8g of an 
ingredient system ~ about 800-1000 degrees C ~ it can calcinate at low 
temperature comparatively. 

[0035] Using the Plastic solid blocks lOg and 1 1g and the ceramic green sheets 



2g-8g which were obtained as mentioned above, when calcinated, 1g of raw 
compound layered products used as a multilayered ceramic substrate 1 is 
manufactured as follows. First, as shown in drawing 4 , the laminating of the 
ceramic green sheets 4g-7g is carried out beforehand. Subsequently, the Plastic 
solid blocks 10g and 11 g are inserted in space 29 and 34, respectively. At this 
time, the terminal electrodes 22, 23, 26, and 27 are exposed from each opening 
of space 29 or 34. Subsequently, 500kg/cm2 The sticking-by-pressure process 
using the hydraulic press is carried out, and the ceramic green sheets 4g-7g are 
stuck by pressure. While the adhesion for ceramic green sheet 4g - 7g is raised 
by this, by it, the Plastic solid blocks lOg and 1 1g and the inner skin of space 29 
and 34 will be in the condition of sticking, respectively. 

[0036] Subsequently, the laminating of the ceramic green sheets 2g and 3g and 
the 8g is carried out to the upper and lower sides of the ceramic green sheets 4g- 
7g mentioned above, respectively, and 1g of raw compound layered products is 
obtained by this. In the condition of 1g of this compound layered product the 
conductive paste in a breakthrough 39-44 It connects with a conductor 14. a 
series of wiring - while forming a conductor 13 - wiring - the conductive paste in 
a breakthrough 45 it connects with the Plastic solid block lOg terminal electrode 
22 - having - the conductive paste in a breakthrough 46 and 47 - a series of 
wiring - while forming a conductor 18, it connects with the Plastic solid block 1 1g 
terminal electrode 26. moreover, the Plastic solid blocks [ 10g and 1 1g ] terminal 
electrodes 23 and 27 - wiring -- it connects with a conductor 14. 
[0037] With this operation gestalt, the raw sheet-like base materials 48 and 49 
containing the metal which can oxidize in the ceramic and baking process which 
are not sintered are further prepared in the burning temperature of 1g of raw 
compound layered products. What is necessary is just not to sinter the ingredient 
of the sheet-like base materials 48 and 49 at 1000 degrees C, since I hear that 
1g of raw compound layered products which compounded these can calcinate at 
the temperature of 1000 degrees C or less and there are, if both the Plastic solid 
blocks lOg and 1 1g and the ceramic green sheets 2g-8g can calcinate at the 



temperature of 1000 degrees C or less as mentioned above. What was 
fabricated in tlie sliape of a sineet with the doctor blade etc. in the ceramic slurry 
which mixed ceramic powder, metal powder, and organic vehicles, such as an 
alumina or a zirconia, and was obtained as sheet-like base materials 48 and 49 
is used advantageously. 

[0038] As mentioned above, the metal contained in the sheet-like base materials 

48 and 49 is included in the state of metal powder, and also it may be in the 
condition of the organic metal contained as a side chain in the resin in an organic 
vehicle, moreover, as a metal contained in the sheet-like base materials 48 and 

49 Sc, Ti, V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Si, It is desirable that at least one 
sort chosen from the group which consists of aluminum, Mo, and W is included, 
and, as for the weight ratio of the metal/ceramic contained in the sheet-like base 
materials 48 and 49, in addition, it is desirable to be chosen within the limits of 
0.1/99.9 thru/or 10.0/90.0. 

[0039] The metal contained in such sheet-like base materials 48 and 49 oxidizes 
and expands below 1000 degrees C in the baking process in the inside of air. It 
fills up with the pore which may be produced in the sheet-like base material 48 
and 49 in a cleaning process by this, and room for the sheet-like base material 

48 and the ceramic particle in 49 to be able to move is shut. Consequently, since 
the ceramic particle contained there cannot move even if it receives the force in 
the direction to contract, the sheet-like base materials 48 and 49 are not 
contracted substantially. 

[0040] In addition, when the above metals are not being included, since it 
contracts slightly and a sheet-like base material has slight dispersion in the 
dispersibility of pore for the pore produced in a cleaning process, dispersion 
arises in the amount of contraction. On the other hand, like this operation gestalt, 

even if slight dispersion is in the dispersibility of pore, since it fills up with a 
metaled oxide, as a result, the contraction of the sheet-like base materials 48 and 

49 of pore is lost, when a suitable quantity of a metal is included, it responds and 
dispersion of it is also lost. 



[0041] In order to fill up pore with a metaled oxide, it is effective to locate a metal 
in the part where the resin as the organic substance leading to pore exists 
selectively. If an example is taken by this point, it can be said that it is more 
desirable to include such a metal in the resin contained in the organic vehicle 
which functions as a binding material in the sheet-like base materials 48 and 49 
as a side chain of an organic metal. 

[0042] The weight ratio of the metal/ceramic contained in the sheet-like base 
materials 48 and 49 preferably as mentioned above Being chosen within the 
limits of 0.1/99.9 thru/or 10.0/90.0 When it becomes difficult for a metaled oxide 
to fully be filled up with pore if there are few metaled amounts than this range 
and there are more metaled amounts than another side and this range, it is 
because the metaled amount of oxidation expansion exceeds the volume of pore 
and the porous structure of the sheet-like base materials 48 and 49 breaks. 
[0043] Such raw sheet-like base materials 48 and 49 are arranged on each 
principal plane located in the ends in the direction of a laminating of 1g of raw 
compound layered products, i.e., an up-and-down principal plane. And 1g of raw 
compound layered products is stuck by pressure with the sheet-like base 
materials 48 and 49. In this sticking by pressure, it is 1000kg/cm2. The hydraulic 
press of a pressure is applied. 

[0044] Subsequently, 1g of raw compound layered products is in the condition 
inserted with the raw sheet-like base materials 48 and 49, and they are 
calcinated at the temperature of 900 degrees C among the ambient atmosphere 
containing oxygen, for example, air. It is 10kg/cm2 by carrying tabular weight (not 
shown) on the sheet-like base material 48 located up in this baking process. It is 
desirable to apply the following loads. It is because deforming also into un- 
wanting is avoidable with this load so that it may be a baking process and 1g of 
compound layered products may say that it curves slightly. In addition, for such 
effectiveness, a load is 10kg/cm2. It is 10kg/cm2 even if it exceeds. Since it is 
substantially the same as a case, it is 10kg/cm2. The load which exceeds is 
unnecessary. 



[0045] The Plastic solid blocks 10g and 11 g are calcinated by above-nnentioned 
baking, wliile becoming tlie capacitor 10 of a sintering condition, and an inductor 
11, tlie ceramic green slneets 2g-8g are calcinated, it becomes tlie layered 
product 9 which has two or more ceramic layers 2-8 of a sintering condition, and, 
so, the multilayered ceramic substrate 1 which is in a sintering condition as a 
whole is obtained, respectively. 

[0046] Moreover, even if it finishes such a baking process, since the sheet-like 
base materials 48 and 49 have not been sintered, exfoliation clearance can be 
carried out easily, the sheet-like base materials 48 and 49 are removed after 
cooling, and they can take out the desired multilayered ceramic substrate 1 by it. 
The above-mentioned sheet-like base materials 48 and 49 do not produce 
substantial contraction in a baking process. As mentioned above, when the metal 
contained in the sheet-like base materials 48 and 49 oxidizes and expands in a 
baking process, it is because room to fill up with the pore which may be produced 
in a cleaning process, and for the sheet-like base material 48 and the ceramic 
particle in 49 able to move is shut. Therefore, contraction of the direction [ at the 
time of baking of 1g of compound layered products inserted into the these sheet- 
like base materials 48 and 49 ] of a principal plane of X-Y, i.e., the ceramic green 
sheets [ 2g-8g ] direction, can be controlled advantageously, therefore, the 
dimensional accuracy of a multilayered ceramic substrate 1 ~ more ~ high ~ it 
can carry out ~ for example, wiring -- the problem of disconnecting, even if it 
gives detailed and high-density wiring with conductors 13-18 can be made harder 
to produce. According to the experiment, it is checked that a capacitor 10, an 
inductor 11, and resistance 12 show the property as a design, respectively. 
[0047] Moreover, as mentioned above, since contraction of the direction of X-Y is 
controlled, 1g of compound layered products is calcinated. In carrying out 
simultaneous baking of the Plastic solid blocks 1 0g and 1 1 g and the ceramic 
green sheets 2g-8g It becomes easier to make each these Plastic solid blocks 
lOg and 1 1g and ceramic green sheets [ 2g-8g ] contraction behavior mutually in 
agreement. Therefore, the width of face of selection of each the Plastic solid 



blocks 10g and 11 g and ceramic green sheets [ 2g-8g ] ingredient can be 

expanded further. 

[0048] As mentioned above, although explained in relation to the operation 
gestalt illustrating this invention, various deformation is possible within the limits 
of this invention. For example, it cannot pass over the circuit design adopted in 
the illustrated multilayered ceramic substrate 1 for the example of 1 type which 
enables a easier understanding of this invention, but, in addition to this, it can 
apply this invention equally also in the multilayered ceramic substrate which has 
various circuit designs. 

[0049] Moreover, it is limited to neither a capacitor nor the simple substance of 
an inductor also as a Plastic solid block, for example, can also consider as the 
Plastic solid block of LC composite part. Moreover, with the operation gestalt 
mentioned above, although the space 29 and 34 for inserting in the Plastic solid 
blocks lOg and 11 g was formed of the breakthroughs 30-33 prepared in the 
ceramic green sheets 4g-7g, respectively, and 35-38, the space for inserting in a 
Plastic solid block may be formed of the crevice established in the specific 
ceramic green sheet depending on the magnitude and the configuration of a 
Plastic solid block. 
[0050] 

[Effect of the Invention] as mentioned above, two or more ceramic layers with 
which a multilayered ceramic substrate is equipped according to the manufacture 
approach of the multilayered ceramic substrate concerning this invention and 
wiring ~ the passive component built in the layered product which has a 
conductor Since the Plastic solid block containing the raw ceramic functional 
material embedded in the layered product is constituted by what was really 
sintered by baking and coincidence of a layered product, the property which the 
passive component itself has The property which is substantially determined in 
the phase which acquired the Plastic solid block, and is latent in the Plastic solid 
block will be substantially maintained after sintering. Therefore, if only it 
manufactures a Plastic solid block proper, the property of the passive component 



built in a multilayered ceramic substrate becomes a tiling as a design, tlierefore it 
can supply with the quality stabilized in it also as the whole multilayered ceramic 
substrate. From this, multi-functionalization, densification, high-degree-of- 
accuracy-izing, and the high-performance-ized multilayered ceramic substrate 
are easily realizable. 

[0051] Moreover, according to this invention, since a passive component will be 
in the condition of having been thoroughly embedded to the interior of a layered 
product, the high multilayered ceramic substrate of resistance tos environment, 
such as moisture resistance, can be obtained. Moreover, since a passive 
component may be arranged in three dimension in a multilayered ceramic 
substrate, while the degree of freedom of a design is raised according to this 
invention, problems, such as a cross talk of a signal, are advantageously 
avoidable. 

[0052] Moreover, since the raw compound layered product which the Plastic solid 
block containing the raw ceramic functional material which should serve as a 
passive component built in was prepared, and embedded this raw Plastic solid 
block is calcinated according to this invention Compared with the case where it 
calcinates where the passive component calcinated beforehand is embedded, 
the width of face of selection of the ingredient which can be used in the ceramic 
green sheet which it becomes unnecessary to manage the contraction behavior 
at the time of baking severely, and should serve as a layered product can be 
expanded. 

[0053] Moreover, since the space for inserting in the Plastic solid block which 
should serve as a passive component in a raw compound layered product is 
prepared beforehand according to this invention, the smoothness of the obtained 
multilayered ceramic substrate is maintainable good, therefore, wiring - making it 
not produce dispersion in a property, since deformation and an open circuit of a 
conductor can be made hard to produce, the number of laminatings of the 
ceramic layer with which becomes possible [ performing high-density wiring with 
close dimensional accuracy ], and a multilayered ceramic substrate is equipped 



can be increased satisfactory, and it beconnes easy as a result to attain high 
performance-ization of a multilayered cerannic substrate. [ **** / un-] 
[0054] According to this invention, moreover, on each principal plane located in 
the ends in the direction of a laminating of a raw compound layered product 
Since a raw compound layered product is calcinated arranging the raw sheet-like 
base material containing the metal which can oxidize in the ceramic and baking 
process which are not sintered in the burning temperature of a raw compound 
layered product When the metal contained in a sheet-like base material oxidizes 
and expands in a baking process It will be advantageously filled up with the pore 
which may be produced in a cleaning process, and room for the ceramic particle 
in a sheet-like base material to be able to move will be shut. A sheet-like base 
material In a baking process, contraction of the direction of X-Y at the time of 
baking of the compound layered product which did not produce substantial 
contraction, therefore was inserted into the these sheet-like base material is 
controlled. Therefore, the problem of disconnecting, even if it can make 
dimensional accuracy of a multilayered ceramic substrate higher and gives 
detailed and high-density wiring can be made further hard to produce. Moreover, 
in calcinating a compound layered product and carrying out simultaneous baking 
of a Plastic solid block and the ceramic green sheet as mentioned above, since 
contraction of the direction of X-Y is controlled, it becomes easier to make each 
contraction behavior of these Plastic solids and a ceramic green sheet mutually 
in agreement, therefore the width efface of selection of each ingredient of a 
Plastic solid and a ceramic green sheet can be expanded further. 
[0055] In this invention, as a metal contained in a sheet-like base material, Sc, Ti, 
The thing containing at least one sort chosen from the group which consists of V, 
Cr, Mn, Fe, Co, nickel, Cu, Zn, Si, aluminum. Mo, and W is used. Moreover, if the 
weight ratio of a metal/ceramic is chosen within the limits of 0.1/99.9 thru/or 
10.0/90.0, it will become easier for a metal to oxidize with the burning 
temperature of 1000 degrees C or less, and to be filled up with pore the neither 
more nor less with the oxide of this metal. 



[0056] Moreover, if the metal contained in a slieet-lil<e base nnaterial is included 
in the resin contained in the organic vehicle which functions as a binding material 
for a sheet-like base material as a side chain of an organic metal in this invention, 
since a metal can be selectively located in the part where the resin leading to 
pore exists, it is more effective although pore is filled up with a metaled oxide. 
[0057] Moreover, it is 10kg/cm2 by carrying tabular weight on the sheet-like base 
material located up in this invention, when carrying out a baking process. If the 
following loads are applied, a compound layered product can avoid deforming 
also into un-wanting advantageously at a baking process according to this load 
so that it may say that it curves slightly. 

[0058] Moreover, in this invention, if it has the laminated structure in which the 
Plastic solid block which should serve as a passive component forms a multilayer 
inner conductor, when a passive component is a capacitor, high capacity can be 
obtained, and when a passive component is an inductor, a high inductance can 
be obtained, for example. In this invention, moreover, the ceramic functional 
material contained in a Plastic solid block While the mixture of glass ceramics or 
glass, and a ceramic is included or the ceramic insulating material contained in 
the ceramic green sheet with which a compound layered product is equipped 
contains the mixture of glass or glass, and a ceramic If the weight ratio of this 
glass/ceramic is chosen within the limits of 100/0 thru/or 5/95, the thing of 1000 
degrees C for which a compound layered product is calcinated will become 
possible at low temperature comparatively, for example, therefore, wiring - what 
uses as a principal component at least one sort chosen from Ag, the Ag-Pt alloy, 
the Ag-Pd alloy, and the group that consists of Au as a conductor can use it now 
satisfactory. Moreover, as a ceramic contained in the sheet-like base material 
mentioned above, acquisition can be comparatively easy and a stable alumina or 
a stable zirconia can be chemically used now. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation nnay not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the nnultilayered cerannic substrate 1 
by 1 operation gestalt of this invention in illustration. 
[Drawing 2] It is the representative circuit schennatic which the nnultilayered 
cerannic substrate 1 shown in drawing 1 gives. 

[Drawing 3] It is for explaining the nnanufacture approach of the nnultilayered 
ceramic substrate 1 shown in drawing 1 , and is the sectional view showing the 

ceramic green sheets 2g-8g prepared in order to manufacture a multilayered 
ceramic substrate 1 , the Plastic solid blocks 10g and 11 g, and the sheet-like 
base materials 48 and 49. 

[Drawing 4] They are the ceramic green sheets 4g-7g shown in drawing 3 , 
Plastic solid block lOg, and the sectional view in which separating into mutually 
and showing 11g. 
[Description of Notations] 

I Multilayered Ceramic Substrate 
2-8 Ceramic layer 

9 Layered Product 

10 Capacitor 

II Inductor 



12 Resistance 

13-18 wiring ~ conductor 

19a and 19b an external ternninal - conductor 

20 Dielectric Sheet 

21 25 Inner conductor 

22, 23, 26, 27 Ternninal electrode 
24 Magnetic-Substance Sheet 
29 34 Space 

30-33, 35-47 Breakthrough 

1g A student's connpound layered product 

2g-8g Ceramic green sheet 

lOg Plastic solid block for capacitors 

1 1g Plastic solid block for inductors 

48 49 Sheet-like base nnaterial 
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tzt/i-ox. ^m^ffuti^^yfy^ttzii-f yr^^xh 

i>h%\,z^t. mmrfr^^y^hLXlt. mm'S^iitih 
% , ayTy^tfzli -^ yy9 9 b^j:hhmm%^fi 

^fc, zf^y^mz^hmm^'mzi-^x^t'^fitz^^ 
m^'y^-j^wmzii^^xnm^fihmMmt. ^> 

^y^^A y-f"; 9m(^m^\zm!^^ith%^<nxW£ 
<. ^i\.i^m.m.^^. fztm^yTy^. Ayr 

^ ^^:m^^h^tz 1 . r m-^^Shmxh -oXhii^K 
[0019] ttz. bmi^y'xJ v9b VXM. ^M<^^H 

iftik^>w^-^tiZbmi-ti^\ tfz. m-'mmmzmt 

S -Ir ^ S >y / y -y y- h t-^^ill, -fe 7 S 'y i^ieii 
mmii. ijyx^ ±tz\iijyXb'^=>^^y^b<^<W^^>ih 
^■ir^^. ;y7X/-t7S-y^ofi*J:btt, 100/O^r 

V^L 5/9 50tEH^t®{mi. Zbi)m± 

[0020] ^fz. wm'^^tz\m^mmi. Ag, 

Ag-Pt^^, Ag-Pd-^^. joit^'Au^^ji^^rS 
[0021] 

i S ^Ji-b ^ S -y 1 &llllWtS^^ifffiHT-J^ 
ia2{i. l2IltS^Uc#M-fe7 5'yi?S«l;0%;t 

hmmmmxhh. Hu^s^t-iat;, ^JUr^s-y 

^aKl«±, -b5 5-y^'ieiiWf|;&^^.5:l>«Ji§il/-cm 
S^fPO-t^S >yi?Ji2. 3, 4, 5. 6. Tt^its'S^^r 

t-|.«M#;9^(iiT^^l>„ «ii#:9t^rtgpt;i±. Siti 
gpfpt LTi^nyry-y-l 0. Ay^^^^X lisit^jg 

Kl 2*^'^jt§tlT^^I>, t/S. «ii#:9a. ^ixi-,^ 

yfy^ 10.4 yf'9 9 1 1 it/'fim i 2 mmt 
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6tzisbC0WMmWl3. 14. 15. 16. 17m.Xf 

[0022] ^<DXd^j:mf&<^^m'by^y^mmi 

■^y^y ^mm 1 commifmwMti fzi^bmmmT 

[0 0 23] 3 > T>-9-fflJiScJg#:7-p 'y ^' 1 0 g(±. -fe 
J; 5 ^^r ^ S >y ^'pm^^ti^Mr^m*^ - N 2 0 ^ 

^«®2 2i3j;^/2 3j&i^ixm?^B!c$ixTV*So l^gp 

h fWOS^ «® 2 3 § ^1^ t O h ^i^stisa 

[0 0 24] 4y'f99mm^w--:rri'y-?i ig(±. -t 

7S-y^'KW*4i:LT-lr9S'y^'Ettfls&-ir^^. ^(7) 

J; 5 7 S ?' llffi*3r1^tf t.OM*^- b 2 1 ?- 
^ t T ^Jii^^gP#* 2 5 il^cHliSit * tr L 

■C^^l>. fig^ftcT-'n^y^ 1 1 gc^M|S]-ri.SfflW±. S 
^«®2 6fej;lX2 7j&imm?^B!c^ixTV*So ^1 
i^^gP^#:2 5i^#^{i. ^ct^ii'^ttfrv—b 2 4 

[0 0 2 5] ;iX^>fiSy^#:7-n>y^ 1 0 gfcJ;t^"l ig 
(4. #t t<{4. 1 0 0 0°mT<7)?aST«^tg^j; 

J; Wffi*^- b 2 4 iflS-fe^ 5 'y ^« 

t^WS. t-^ci5^^:^Sy^'timfcj;l^'^:7S-y;?E 

)y~vmi>zx->x i^~hmzmmifzhco^m^i 

*^X-#l>„ ffi*. iltt#c>'-b24fc LT«. --y^/t- 

V 9 9-y'v-v'mz^-ox>-~vmzmiLtzh 

[ 0 0 2 6 ] t/S. ^gPW#c2 1 . S^mS2 2fc'J;t/;' 

2 3. m-nM2 6i5iif27 . ^x^if 



\<zwMmw. 2 8 ^mm-h tz^crimi^ hLx^i.tztt 

{f. Ag. Ag-Pt^^. Ag-Pd^#. 
nf}-^ts:?^mfj^^m\frLtz{}^-ts:< t i 1 S^ifili^t t" 

j:t;2 5{4. I^mv'-b2 0t5j;t;iatt#: 

h 2 4 (7)#±t±a!(7)^mtt^->!> b ^ X u -y 

WJ t:: i; -5 T Hff gov N° ^' - y t -5 T # W S 1 1 J; 

[0027] mBWy'^ -yS'lOsiilXfll^d ^f#l> 
_haiL/ij;^t:. I*li5##:2 1 >?)«§iX3tBifS 
atolimfrv-b 2 OtJ j;WWW*2 5^%M§fi/i 

mmio^mMfiy- v2a^ ^ti^trnMLtz^. j±* 

X?St#§ KhLh tmt L < . ; OE^IISTIi: . tz 
bUf. 7KJ±7VXt:'2 0 0kg/cm2 iOil^Jj&i^-^ 

[00 28] mfi. ffijiL/i-fe^S ■y^'il2'-8C0#^ 
^ ^ S -b 7 S 'y i?' IMItff 2r #tf-b 7 S 'y ^ y - 
yS^-h2g. 3g. 4g. 5g. 6g. 7 sHi-lfQ 
Stmn^ilt. >I^I^)-fe7S>y^^'U-yS^-b2g 
-8 gt^tixS-fe7 5 ^y^mmfM. IMLizm^ 

i^y\3'y^ 1 og^y^m i gt^-^s^n.-t^s v^'M 

mm-\tim^j:'^xy^i. 

[00 29] ^iXib-fe^S>yi?i5''U-y;^-h2g-8 

gtji. ^ti^ti. ±mirz^yfy^mmB^y^-/ 
^iosi5Xx/-^yy^^mfm^ya'y^i is^m 
nttz>^(^. tfz. wr^titMui 2. mmmi^i 3-- 
1 8 . ^x^mz^mm-mni 1 9 1 9 b imn 

hfzi^<^MJ:tfzimW:i}^^i!bm^tiX\'^l . X Oflli 
t:(4. n yTy^fffl^!^?f^ft7■^ >y ^ l 0 g £ F^jtS-tirS 
Jti!6(7)S^2 9 t^S^^ iSc^jRilTLS 0 , 3 K 3 
2 13 J;l^'3 3 . ■^j:^tHz-f y f^ ^ffliSffm^'/n v ^ 1 
1 g^rtjt$-1il>/Sfe<7)^rHl3 4 t^S^i^-jliOMjl 
?L3 5. 3 6. 3 7i5XX/3 8^\ ^r^S.y 

:^'^^u-y>'-^4g. 5g. 6 gjoitxv gt^is^is 

[00 30 ] ^ . ieifc#ft 1 3 *fSttl>/iA60— 
MafL3 9. 4 0. 4 1. 4 2. 4 3*5 j;y:'4 4;^)\ ^ 
^im. -b7S>y^'i7'U-y>'-b2g. 3g. 4g. 
5g. 6gi3j;t^'7gti^46^{t^>^lTV*S„ E 

^i#*i 5 &istts^cfcoma7L4 5^i^r^ s -y ^'^'-y 

-y^'-b3gt;i^felt(t'^^iT^^I>„ tfz. lenw* 
1 8Srigft'g./::d6<^— jli^Mjl?L4 6fcJ;V4 ^ 
^im. ■t9 5'y^'i/U-y^-b2gfcj;t>'3gt^ 
i^l^ftJ^tLTV^So ^LT. ^tl^c^Mmil3 9--4 7 
f^(c{4. ieil»#:13. 1 5fcj;i7'l 8i:;5:l.^§#S 

[003 1 ] tfz. ^r5S-y^^■■U-y>'-^2g^^ 
tt. iS'M^^frigajoJrtXl 9bt^SK##^« 
'It^-X mMTl3 9*5 j;W'4 6^t^#Wmtt^- 

X b iz^ti^'tiim^ti^ Xolzx^ y -y £P«iJ^ti 
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i±. ieilW#;i eaxr/i 7 fc^i>^#:g-wmtt^-x 

Mffl?L4 5t5^X/4 7 I^t0#2imtt^-X h t-e 
^1. J; 5 m^^tit , i?^ffi6i#c£ffM-ri.^^*^^Jg 
[0 0 3 2] tfz. ^y^ y^^"U~yiy~h8siZ 

li. ieilW#ci4fc^i>^#»€tt^-;^h*\ -fe^s 
J;t>'3 4i*i(ciBi*^-9TMtH-ri.J:at;. -fK^hhi^mi^ 

[0033] _h5iL/tiEi^#ft 1 3-1 S^Tii.t^'ti'hiJ 

LTi±, Ag. Ag-Pt^A. Ag-Pd-^#. }oX 

1 1" i ^J/j'-fe * ij icffl V > b ^ , ^ CO J; 0 ^-fe 7 5 -y ^ 

^ y _ y ^_ ]. 2 g-8 g t-irt tLS -t 7 S -y 

mt LTJi. Si L<(±. 1 0 0 0°a:iT(7)^ST'Mfi!c 

Xt^r^S ■y^'tiOM-^te^'ffl^^'ifLl,. 
7y!>/^r9 5>y^OS*J:t(±. 1 0 O/O^l^t 5/9 
5 CO^BIF*] tJlif iiS o ;!? 7 7 5 -y ^ (^MAitti^ 
5/9 5 i D/hS v^t , MfiSc^t^^iaJK*^' 1 0 0 or J; 

mm L tzmmi¥ 1 3 1 s mmm<nmwmim < 

[0 0 34] j;i9^#:&<jt;(±. ^y^y^if^J~yiy~ 

h 2 g- 8 y 1 1 Ttt, Tt^'yim^(0^'yxmmt T)V 
S-^f7)*t*Sb-b^';Pt ^^.i^Lxn^titz^y S «y 
^' X 5 U - ^ K ^ ^-7V- F&t j; -C h^^m 

•fe^S -yi!':?'U->'>'-h2 g-8g{±. 800-10 

0 0 °cwM.(n]m.mmMLX-^iim-h ; t t)^x-% h 

[0 0 3 5] ii[±to j: 0 [zLxmwzmm-j'u -y 9 

1 0 ■gUi.TJl 1 g^ri^V't-fe^S-y^'/'J-yi^-h 
2g-8g^ffll^-C. Mfi!c§tL!^v:i:#t#ii-fe9S -y^ 

1 i:=Srl.i<7)«^«ii#: 1 gj&^tJlTiT) i o 

S-f, -lr5S-y^/y-y;^-h4g-7g^\ 

H4tc^Kt-J;3tc. i^to«ii§til>„ SrHl2 9 

1 1 g3&-'«toaiiX.So Zc^t^. 5»«ffi2 2. 2 

3. 2 6*5 j;W'2 7{i;. m'S2 9ttzli3 4(r)^^ com 
P*^^>StiltTV^«.„ ;ti:i(f5 0 0kg/c 



m2 t07KJETV-XSrfflC>TC0ffi*lS:^)i"SIJt$il. -fe^ 

s>y^'^''y-y>'-b4g-7g^ij±«§tii>, 

j:':>T, -tr^S -y^/U-y;^-h4 g-7 grsltO^* 
tt^^'fti»^^,ixS t h C> Jj!y^*7-n 'y ^' 1 0 gi5 J;t^' 

1 1 stsm2 9tDXU3 4co\f^mmbp^ti^timm 
[0036] Ji]*L/i-b^s -y^/u-y;^- 

h4g-7gO±Tt:. -fe^S v^'/U-y>'-b2g 
J3 J; 3 g ^ ^>t^'(c 8 g ^^'^ifimmii iti. MzX 

1 g <7)^mizi5 1 . MMfL 3 9-44 rt^o wmtt^- 
x ba. -mcogdiiw* 1 3 ^ffijfig^i> fc Cjtc. len 

2»ftl 4t:®^§^i. tfz. MaTL4 5 ^to^mtt^- 
^ Eff^fty-n -y ^' 1 0 sc^M^mm2 2 ^z^M^ 

ti. nmiu 6t5j;t>'4 7i^<7)#«tt^-y!> bii. -m 

toffifi^ft 1 8 ^ffM-rs > L (c, j^mi^y^ ^ ^ i 
1 g coi^i^ms 2 6 t^jf ^$iii> , tfz. mm-yu v 

9 1 0 giz.i.lf\ 1 gc7)ffi^mffi2 3imf2 7{±, IH 
i^##:14t:®i!$^lSo 

[0037] z<7^%wBW^\t. ^(m-mm^ i gco 

i.XfA9ii^^io\,zWi%^tih. mmLtzi,'}[z^ mM 
fxiv9\ Ogt5j;t>'l 1 g^Jotft-t^S v^'i/y- 
y b 2 g-8 g:i^ i: i 1 0 0 0°a:iT(7)^JKT'M 

mmx% s ^ A> . ^ ii ^ . ^ is^ L- tz^o^m.-mm^ 
1 g *n 0 0 0 riiiTt7)?ais;-cM)£^tg-c-fe s t ^ ^ a ; 

i:-C-$)l.i?)T-\ >'-h«S:}^ft4 8fej;Z>'4 9iOM^4 
ti. 1 00 0°C-C(i;^igL^rV»ij<7)T'S)ti{f J;v\ 
N^ic^#:4 8t5j;t>'4 9fcLT, fztUf. TlV^i- 

i 3 -T^c?)-t 7 s 'y r;^* m;m-M t 

lih^JVt m^.-^t'Cn^tLfz^yi -y U-^ K 
99-y']y-Ym^zX-yXi^-hmzmB^tirzi,co-fy^ 

muzm^^ti^. 

[0038] >~h-\tJkni^48tii.l/4 9 l,zf:ttil 

^m^'^^/i-^c^mm^zt^v^xmrnt ix^tti^ 

4 8t5XV^4 9l,Z^ttil^mtLXii. Sc. Ti. 

V. Cr. Mn. Fe. Co. Ni. Cu. Zn. S 
i. A / Moi5X'{/Wfpi^^j:imfP'^7mftltz'J^"^j:< 

4 8 i t>'4 9 ti-ir t ti^^m/"^ y^'y9 (nmmt 

{i, 0. 1/99. 9^UtlO. 0/90. OcnmM 

mzmiitihzht^tciitm lvk. 

[00 39 ] L(T)i.'j^j:^^~ym&f\^4Hiii.U4 9 
\<z-%tti^^m\i. SM^T-oM)£llit;t5^^T. 10 

0 0-ciiiTTMtL. mm-h. Mzk^^ mmm 

[zii\-^X>—hm&f{¥48iii.lf49Mzt^t%h% 

iw^m^ tL. /- b -mmwA &m.if4 9^(7^^y 
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[0 04 0] ^rfc. ±^c7)j;o^AM^-ir^-ti:Tv^^v^ 

[004 1 ] M?L^^SioK'ft:ft-c-?tii-ri.t{i. m 
commt^^^^mb ixmm<^^~tmmi,zm^ 

m^z^mam^^x io<zt mi}m'^x% i . ^ * 

ixmrnti^mt^h^Mz^ttiimmizmM 

■Am(OmmtLX. Zcoi:d^j:^mi^t'tXt3<^b 

[0 04 2] ^-b«S^#:4 8fcj;tX4 9t:^iill> 
^m/-ty 5 >y ^' OS4it^\ WmcoX 0 if ^ L < 
ii. 0. 1/99. 9^V^tlO. 0/90. OOKH 

i?5S**WLc':)Hv|fi*-±ini 0 , >— *4 8 i3 j: 
V'4 9 i^^TLMttjt^jWfC Ltd 3&^ibT-$)l. . 
[0 04 3] Z<^i:d^j:^<7)i^~h^mi^4 8i5XU^ 

4 9!i, ^oa^mJifri g^o1tM*^^c^o^tl,MS^: 

^L-C, icO^^WJiftl gii, i/-h4icS1f#:4 8fc 

xu4 9tbti^z. mm-^iih. ^coi±mi>zii^ tztt 

if 1 0 0 0 k g/ c m2 <7^&tl<^7mr]yXil^mffi^tl 

[ 0 0 4 4 ] ^^UT-., fkmUi^WMi^ 1 gJi;, 

hm.nm 8i5XU4 9x-mttLfz^mx\ mm^-^ 
timm%^. titm. ^^p. 9oo°ccoM^x'm0. 
^ti^. zcoms^xmizi5\^x . ±.ijizimtii^~h 

«sf§#;4 8±t;s«ofiD (Hs^^-r, ) ^m-t^i 

k^zX^. 10k g/cm2 iilTt^^fi^ *^(tl> ^ b f}m 
0. hrijHzK-ofzn^hbmd Xdl,z. ^iSti^S 

mbxitd^b^m^'ri^bt^x^^^j^^xh^. ts: 

fc. Zcr>lo-^j:3)}m±. l=S*n0kg/cm2 ^.^^.T 

iokg/cm2 (DiSi^bmm.mzntxhhfz^. 
1 0 k g/cm2 ^sii,m±^ie:>g-c-fe^, 

[0 04 5] iia0^t^J;'5T. B!cJ^#:7"n>yi? 1 0 

gt5j;t^'i 1 gfm^^fi. ^ti^ti. mmm(^^y 

Ty^loaXtZ-i 1 1 b^j:^bbi>lz. -t^ 



S 'y ^'^'U -yi^" h 2 g-8 g;?)iMB!c$il. m^^m 
^m>l. ^i^bLX^mm^izh^^M-by^y^m 

[0046] tfz. ^<^xd^^m^m^mixh. 

izmmmii-r^^bt^x^. i^mk^zaux. 

^t^t^4 8t5XU'4 9ijmi:$ti. WzX->X. FJtS 
(^^M-ty^'y^mmiiM^jm-t^bii^X^^^. ±j* 
C0i^~h^-^i^4 8t5XV^4 9ii. j^XgtfcV^ 

^^mm8iixv^4 9^z^tti^^mij\ fmxm^z 
fcv-^T, ffi^tt. mm-ri^b^z2:nx. m'^mm^zn 
^^x^mi^^i^mm^tL. i^-hm^nmsisx 

i.tz^xhh,, Ltzi^^-jx. zfi^,>—y^-^mw^A8 
a xu4 9i,zm.± fitz m/^WMW. i g (^Mm^(^) x - y 

H^-f-^^h-h-^y S -/^^'^J-yzy-V2 g-8 gO± 
46. ^M^r7S>y^!'a«^l<7)^?£^f^&J;0ft<■r«.^ 

> /j't-^ , tz b t \fmm<^ 1 3 - 1 8 'J i X wmx 
%mmM:mm^x h mm-ti> ycr)mm^ x^^t 
\,z<<thLbtK'^t. mm^zum. ay^y^i 
0. 4y^99i itJitxffiffii 2(±. mm. ^n- 

[0047] tti^ Vjmi. d t . x-Y1f\t^myMt^ 
mm^tii<r)x\ isi^ftiifti g^MfiSLT. i^ffl^fi/ 

Vi-y^ 1 0 g^oit^'l 1 g^xhUiZ-iiyS.y ^'^'"'J-y 

i^~h2g^8gmmmm-^i,z$)tzy)^ ztii^mm 

^yV3-y^ 1 Ogjoitfl 1 S^^^V^lZ-ty=iy^yU 
-yzy~h2 g-8 gc0^lRa^»l^5VMC-SS:$^|, 
C b 0 W^t^: D . Lfzf}^':>X. mM7'^ y ^ 1 
OgfcJ;t^"l 1 g^i^mz^y^y^^'V-y=y~h2 

g-8 g<D^ti^'ti<DmWMifiiom^ § ^ izmf^ .r 

[0048] i:)±. zcrMmmTjkLtzmmmm^zmM 
Lxmmtfzi^K ^(^^mc^mmtH^zi^^^x. ^<^m. 

5 -y ^mu 1 izi5\-^xmm^iirzmmm. ^comm 

j; ^m^^mm^rm^bt^-mmmiztwt. 

[0049] t.fz. mmfxi-;^bLX\i. ziyry 

■f^-^ y^-^' f(^M-mzmj^^ti-f. fzbmLcmik 

mS,<om}i^y'^ y^'btlZbhX^l. tfz. ±7^ 

Lfzmtmmxn. mMy'^-/^i o gt^ it^'i i g 

i^i^jltifz^i^JSrS 2 9 is J; 3 4 a . ^ S -y ^' / 
U-yv— b4 g'-7 glZ^tL^'timn^titzmMflS 
0-3 3j3j;V'3 5-3 8t;j;-oTffM§tl/i*\ fiScff^ 
#;7'n -y § ^ff^^t; X-yXii. 5 S -y 
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[0 0 50] 

iii I. a5t^^^r 7 5 -/ ^ iife J; tAlBsl^fls^ ^rt-l. «ii 

4 L T u !> mmi . fmmiz tov-^xi, mmmizmn § tt 

hZh\zij:h.. Ltzfj^-^X. mmy^'y'^^WiE^^zm 

^mmit. mm&it. mm&it. m'\mitUitz^m^ 
[ 0 0 5 1 ] ^/i. ;o^Hjt j;ix{f ^ sijgEpi,{i, m 

x%i>. ±tz. Lc^mm^ziitiii. ^mW'&umm'^y 
5 >/ ^ mm.Hzh \ 3 i'KTm^izuw.^ fi%h (nx . m. 

[0 0 5 2] tfz. ZcD^mizXtL^i. ^m^ir^^m 

tz^'^m^mMm^m.^tiicox. fibm^^^tifz^ 
mm>?uimmwsJimxmm-i>i^izit^x . 

[0 0 5 3] tfz. zco^mi^z^tai. ^(om^mmi^ 

tjfz^o:>'m^fS^^^M^ i:>ixX\^h(r)X ^ %^i\.fz^m 

5 'y ^wm^mm^mzmrfh ztt^x^ 

i^z<<^h^b ffix% h(7^x\ m^<^ift:>^% i^t^ 

^t^v^X o^zL^xt)^^. mv^-^'mm^ih-^Xmmm: 

[0 0 54] tfz. .i(^?tmi^zxtaf. ^(/^m^mmi^ 

mM1l\^i^zmmmz&.W:-t^^^3Lm±.^z. ^(^M 

^mmmmfmmxum ^ s ^ j; 

f^iMiziiv^xmit^ti%^^mi-tts'^<^) h «s 



x\ iy-v^-^mmz^tfih^m-hK mjM^zii\^ 

X. mith. wmth^uzi.-,x. mmm^za^^x 

5 'y ntfmmLm^m'^im^'-r:! hhti:nx. ly 
~h^±mmt. >mjimzii\^x. mmt^wm^^ 
. ^(Dfz)!b. ^tii:>iy~Y^'mmzw,ttifzm.-^ 

^ t Tj^x^ . 'amxmmmMmi:mix i Kiit-s ^ 
b'commi ^^i,z^ti,z<<-ftzbti^x^i. tfz. 
±M<DXd^z^ x-Yjj\ii]<7}\!Rmtimm^ti^<^x\ m 

-y>^-h tmmfmtii^zhtz^ . zti^mMk 

^■^t^^tti^X'ommz^^y). Lfzifi-yX. m^W.h't 

i^h^zmWh^ht^X^^. 
[00 5 5] <ic7)^0J5tc*3^^-c. ^--h^S^l^tc-irt 

tli>^mh.LX. Sc. Ti. V. Cr. Mn. Fe. 
Co. Ni. Cu. Zn. Si. Al. MoiSiilPNt)'' 

^ts:hmt-*^m.\ififz'ytp< 1 1> \ m^^tji,cntm\-^ 
i^K. ttz. ^ 5 >y (T^mmmK o. 1/9 

9. 9^i^Ll0. 0/9 0. 0<r)mmHzM\-ifii> 
t . ^MJi. 1 0 0 0 'Ci^JTcommSMizX-yXmit^ 

ti. tfz. ^co^m<r)m-itmzx-yxm^&.^^<%ii^ 

[0 0 56] itz. Zff^^mi^zii^^x . 
iz'^iiii>±mi. iy~yJ[k-^^i^<Dfzi!b<7)^^Mt I 

xmmt^w^^h^fuz^tiimmi^z^m^mm 

mt iX'tt^xiy< t . %ii<7Mmt^j:mm(7^^^ 
i-hmpMzmtRmi^z±miim^^xii< z t:b^x^ i> 
<ox\ m?i&^mcomimxyLm-rico^z^ 
xhh. 

[00 57] i/t. ^<7^wmzii\^x . mmM^mm 

t-i> § . i.-niz\m-th y- v fts^f #c±tK«ofi 

ft I. X a ^z^h t . ■imm>>zx o . Mfiaxgt-. «^ 

[0 0 5 8] tfz. ^(^)mmzm^X. St&gPfpfc^l> 
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